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Abstract
We demonstrate that the significant discrepancy between conventional QCD
and the CDF inclusive jet production data could be an indication that the be-
haviour of the Callan-Symanzik β function in QCD corresponds to it having a
finite fixed point.
1
The inclusive jet production cross section in pp¯ → jet + X at √s = 1.8 TeV ,
reported recently by the CDF Collaboration [1], is significantly higher than the O(α3
s
)
QCD predictions of Ellis, Kunszt and Soper [2] for events with very high transverse
energy (200 ≤ ET ≤ 440GeV ), no matter which of a large set of standard parton
densities is utilised in the calculations. This has led to radical claims, for instance, that
we are seeing evidence for the existence of constituents of quarks [1, 3].
In this note we wish to suggest an unconventional, but much less radical, solution to
the problem. We remind the reader that the Callan-Symanzik β function, β(α) , which
controls the µ2 - evolution of the running coupling αs(µ
2) , in Perturbative QCD is only
calculable for small α . From these calculations it follows [4] that PQCD is asymptoti-
cally free which means that αs(µ
2) tends to zero as µ2 → ∞ . But this is true only
if the β function is assumed to be negative for all α up to O(1) (solid curve in Fig. 1).
Some time ago one of us [5] investigated to what extent the data on deep inelastic
scattering [6] for Q2 ≤ 500 GeV 2 and LEP data [7] constrained the possibility of a
so-called fixed point behaviour for QCD, in which β(α) could have one of the forms
shown by the dotted and dashed curves in Fig. 1, corresponding to a first or second
order ultraviolet fixed point α0 , respectively. In the fixed point scenarios QCD is not
asymptotically free (e.g. see the review [8] and for the recent development of the topic
Ref. [9]) and αs(µ
2) → α0 > 0 as µ2 → ∞ . It was found that the data mentioned
above are perfectly consistent with values of α0 = 0.057 for a first order zero of β(α)
and 0.029 ≤ α0 ≤ 0.048 for the second order case. The essential point relevant
to the jet production cross section is the fact that αFP
s
(µ2) runs more slowly than
αs(µ
2) does in QCD for large µ2 , as shown in Fig. 2, and will thus lead to cross sec-
tions which are enhanced relative to the conventional QCD predictions as ET increases.
Let us now consider how we can estimate the difference between the theoretical cross
sections in the fixed point and conventional versions of QCD. For fixed
√
s = 1.8 TeV
and averaged over pseudorapidity η the theoretical cross section depend upon ET ,
the running coupling αs(µ
2) at scale µ and the parton distributions fi(x, µ
2) at
the same scale µ . It is believed that µ should be of order ET and the graphical
comparison between the data and conventional QCD shown in [1] utilises µ = ET/2 .
Now suppose that we have a conventional QCD calculation σn of the order (αs)
n
contribution to the cross section. The fixed point analogue σFP
n
will differ both on
account of the different value of the running coupling and because the evolution of the
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parton densities is slightly different. Based upon the studies in Ref. [5], we believe the
latter to be very small effect.
Hence in Born (leading order) approximation we expect to have
dσFP
Born
dET
(ET , µ, α
FP
s
(µ2)) ∼=
[
αFP
s
(µ2)
αs(µ2)
]
2
dσBorn
dET
(ET , µ, αs(µ
2)) . (1)
On other hand, as shown in [2], the Born cross section in conventional QCD is
essentially equal to the full (leading plus next-to-leading) one at µ = ET :
dσBorn
dET
(ET , αs(E
2
T
)) =
dσFull
dET
(ET , αs(E
2
T
)) . (2)
This result is obtained in [2] for η = 0 and cone size R = 0.6 at ET =
100 GeV . For the kinematic range of interest (R = 0.7 and η averaged in the
interval 0.1 ≤ |η| ≤ 0.7) the value of µ at which Eq. (2) holds will be somewhat
below µ/ET = 1 and its precise value will depend weakly on ET , but is essentially
independent of ET in the range 200 ≤ ET ≤ 440 GeV [10].
Hence, using Eqs. (1) and (2) we obtain the following connection between σFP
Born
and σFull at µ = ET :
dσFP
Born
dET
(ET , α
FP
s
(E2
T
)) =
[
αFP
s
(E2
T
)
αs(E2T )
]
2
dσFull
dET
(ET , αs(E
2
T
)) . (3)
Strictly speaking Eq. (3) is an approximation. However, bearing in mind that for
µ in the range 0.5 ≤ µ/ET < 1 σFull > σFull(µ = ET ) the fixed point enhancement
over the conventional QCD cross section will be even bigger than that arising from Eq.
(3).
In order to illustrate the magnitude of the deviation of the theoretical FP-QCD
predictions from the conventional ones for the one jet production cross section we will
use for αFP
s
(µ2) in Eq. (3) the second order fixed point expression in LO approximation:
αFP
s
(µ2) = α0 +
αs(Q
2
0
)− α0
1 + b [αs(Q20)− α0] ln (µ2/Q20)
. (4)
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In (4) the parameters α0 (the fixed point) and b are taken from Ref. [5] to be:
α0 = 0.040 , b = 1 . (5)
The percentage difference between the theoretical FP-QCD cross sections σFP at
µ = ET (Eq. (3) above) and the conventional QCD predictions up to O(α
3
s
) using the
MRSD0´ parton densities [11] with scale µ = ET/2 is shown in Fig. 3 and compared
with the percentage difference between the CDF inclusive jet cross section data and the
above mentioned conventional QCD predictions.
It is seen that in the ET range 15− 200 GeV the FP-QCD predictions practically
coincide with those of the conventional version and are in good agreement with the
data. However, for ET above 200 GeV the fixed point cross sections are higher than
conventional QCD ones by up to 20% at ET = 415 GeV and are rather closer to the
experimental points than the NLO QCD predictions.
In conclusion we suggest that the significant discrepancy between conventional QCD
and the CDF inclusive jet production data might be an indication that the QCD β
function corresponds to a fixed point behaviour. If correct this fixed point behaviour
will manifest itself clearly experimentally in that all large ET cross sections will grow
relative to the conventional QCD predictions once ET ≥ 200 GeV . We hope to
provide detailed calculations in the near future.
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